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Abstract 
,QGXFLQJFRPSOH[ WKHUPRPHFKDQLFDO ORDGVGXULQJJULQGLQJSURFHVVRIKDUGPDWHULDOVVXFKDVKLJKDOOR\HGKLJKVSHHGVWHHOPD\DIIHFW WKH
VXUIDFHLQWHJULW\DQGWKXVWKHSHUIRUPDQFHRIHQJLQHHULQJSDUWV5HVLGXDOVWUHVVHVDUHFRQVLGHUHGDVWKHPRVWVLJQLILFDQWSDUDPHWHUZKLFKDOORZV
DJRRGDVVHVVPHQWRIWKHSHUIRUPDQFHRIJURXQGSDUW(DUOLHUVWXGLHVKDYHDOOXGHGWRWKHIDFWWKDWWKHJULQGLQJSURFHVVLVXVXDOO\WKHVRXUFHRID
WHQVLOH UHVLGXDO VWUHVVHV RQ WKH SDUW VXUIDFH ,Q WKLV SDSHU DW ILUVW H[SHULPHQWDO PHDVXUHPHQWV RI JURXQG ZRUNSLHFH REWDLQHG E\ ;5D\
GLIIUDFWLRQ VKRZKLJK OHYHO RI FRPSUHVVLYH UHVLGXDO VWUHVVHV JHQHUDWHG LQ JURXQG VXUIDFHV 7R XQGHUVWDQG WKH RULJLQRI WKH VLJQ RI UHVLGXDO
VWUHVVHVD)LQLWH(OHPHQWVLPXODWLRQPRGHORIILQLVKF\OLQGULFDOJULQGLQJZLWKWHPSHUDWXUHGHSHQGHQWPDWHULDOSURSHUWLHVZDVHVWDEOLVKHGDQG
WKHUPRPHFKDQLFDOVLPXODWLRQVZHUHSURFHVVHGEDVHGRQWZRGLPHQVLRQDOQXPHULFDOVLPXODWLRQXVLQJ6<6:(/'VRIWZDUH7KHDFWLRQ
RIWKH&%1ZKHHORQWKHZRUNSLHFHLVPRGHOHGE\DPRYLQJHTXLYDOHQWKHDWIOX[RQWKHWRSRIWKHZRUNSLHFHVXUIDFH7KHKHDWVRXUFHSURILOH
GHULYHG IURP ERWK DQDO\WLFDO FDOFXODWLRQ DQG H[SHULPHQWDO UHVXOWV 7KH PHFKDQLFDO DFWLRQ RI WKH ZKHHO LV VLPXODWHG DV D QRUPDO SUHVVXUH
GLVWULEXWHGRYHU DEUDVLYHJUDLQVRI WKH FRQWDFW ]RQH7KHGLVWULEXWLRQRI WKH WHPSHUDWXUH DQG UHVLGXDO VWUHVVHVZDV FDUULHGRXW+RZHYHU WKH
GLIIHUHQFHEHWZHHQVLPXODWHGDQGPHDVXUHGUHVXOWVLVVLJQLILFDQW%DVHGRQIXUWKHUDGYDQFHGFKDUDFWHUL]DWLRQVRIJURXQGVXUIDFHOD\HULWVHHPV
WKDW WKHUPRPHFKDQLFDO PRGHO ZLWK HTXLYDOHQW ORDGV LV QRW VXIILFLHQW WR UHSURGXFH LQGXFHG UHVLGXDO VWUHVVHV RFFXUUHG WKURXJK SODVWLF
GHIRUPDWLRQVDQGVWUXFWXUHFKDQJHVXQGHUJLYHQSURFHVVFRQGLWLRQVZKHHODQGPDWHULDOSURSHUWLHV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI7KH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWKH³WK&RQIHUHQFHRQ0RGHOOLQJRI0DFKLQLQJ2SHUDWLRQV´
.H\ZRUGV JULQGLQJ5HVLGXDOVWUHVVHV)LQLWHHOHPHQWPHWKRG)(0VXEVXUIDFHVWUXFWXUH
1. Introduction 
*HQHUDOO\ KLJKDOOR\HG KLJKVSHHG VWHHOV +66 DUH YHU\
KLJKDEUDVLRQUHVLVWDQWPDWHULDOVGXHHVVHQWLDOO\WRWKHLUKLJK
KDUGQHVV FDUELGHV DQG KLJK KDUGQHVV PDUWHQVLWLF PDWUL[>@
7KDW¶V ZK\ WKH\ DUH ODUJHO\ XVHG LQ IRUPLQJ SURFHVVHV DW
VHYHUHRSHUDWLQJFRQGLWLRQVVXFKDVLQVWHHOUROOLQJLQGXVWULHV
>@3UHGLFWLQJ WKH VXUIDFH LQWHJULW\RI VXFKPHFKDQLFDOSDUWV
EHIRUHRSHUDWLQJLVLPSRUWDQWWRHQVXUHVDIHW\LQRSHUDWLRQDQG
VXSHULRU VHUYLFH TXDOLW\ RI WKH SURGXFW2IWHQ WKH PDMRU
LQGLFDWLRQV RI VXUIDFH LQWHJULW\ DUH VXUIDFH PLFURVWUXFWXUH
FKDQJH DQG UHVLGXDO VWUHVVHV >@ 7KLV SDSHU IRFXVHV RQ WKH
UHVLGXDO VWUHVVHV JHQHUDWHG E\ ILQLVK F\OLQGULFDO JULQGLQJ RI
WKHKLJKVSHHGVWHHOXVLQJ&%1ZKHHO
$XWKRUV >@ KDYH VKRZQ WKDW UHVLGXDO VWUHVVHV SURILOH LV
HVVHQWLDOO\DIIHFWHGE\WKHODVWPDQXIDFWXULQJRSHUDWLRQZKLFK
KDV WKH PDMRU UHVSRQVLELOLW\ RQ WKH ILQDO VXUIDFH LQWHJULW\
*ULQGLQJ LV DQ DFFXUDWH PDFKLQLQJ SURFHVV VXLWDEOH IRU WKH
ILQDO ILQLVKLQJPDWHULDOV RI KLJK KDUGQHVV ,W LV RIWHQ WKH ODVW
RSHUDWLRQ WR WDNH SODFH ZLWK FRPSRQHQWV UHTXLULQJ VPRRWK
VXUIDFHV DQG SUHFLVH WROHUDQFHV +RZHYHU LQ PRVW FDVHV
GXULQJJULQGLQJGXHWRWKHFKLSIRUPDWLRQPHFKDQLVPDJUHDW
SDUWRI WKHSURGXFHGHQHUJ\ LVFRQYHUWHG LQWRKHDW OHDGLQJ WR
KLJKOHYHOVRIWHPSHUDWXUHJHQHUDWHGDW WKHLQWHUIDFHEHWZHHQ
WKHDEUDVLYHJUDLQDQGWKHZRUNSLHFH>@>@7KLVSKHQRPHQD
OHDGV WR WKHUPDO GDPDJH LQ WKH IRUP RI VXUIDFH VRIWHQLQJ
UHVLGXDOWHQVLOHVWUHVVDQGUHKDUGHQLQJ>@>@
+RZHYHU JULQGLQJ SURFHVV LPSOLFDWHV VHYHUDO IDFWRUV
ZKHHO JULQGLQJ W\SH KDUGQHVV RI PDWHULDO SURFHVV
SDUDPHWHUV ZKLFK DIIHFW WKH VWUHVV VWDWH RI WKH ILQDO
FRPSRQHQW >@>@ 5HJDUGLQJ WR WKH ZKHHO JULQGLQJ W\SH
.RKOLDQGDO >@ VKRZHG WKDWZLWKFRQYHQWLRQDODOXPLQXP
R[LGH DEUDVLYH ZKHHO  SHUFHQW RI WKH WRWDO JULQGLQJ
HQHUJ\LVFRQGXFWHGLQWRWKHZRUNSLHFHDVKHDWDWWKHJULQGLQJ
]RQH IRU UHJXODU JULQGLQJ YHUVXV DSSUR[LPDWHO\  SHUFHQW
ZLWK &%1 DEUDVLYH ZKHHOV &RQVHTXHQWO\ WKH WKHUPDO
GDPDJHVDUHGHFUHDVHGZKHQ&%1ZKHHOVDUHXVHG0RUHRYHU
WKH FRPELQDWLRQ RI WKH WKHUPDO DQG PHFKDQLFDO HIIHFWV LV
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SRVVLEOH LQ JULQGLQJ RSHUDWLRQ DQG WKH UHVXOWDQW VWUHVV LV
GHWHUPLQHGE\ZKLFKHYHUHIIHFWLVVWURQJHU7KLVSRLQWLVQRW
FOHDUO\XQGHUVWRRGWRGDWH
,Q RUGHU WR XQGHUVWDQG WKH RULJLQ RI UHVLGXDO VWUHVVHV
JHQHUDWHGE\JULQGLQJSURFHVVLQWKHZRUNSLHFHDQGWKHZD\LW
DSSHDUV SK\VLFDO VLPXODWLRQV EDVHG RQ )LQLWH (OHPHQW
$QDO\VLV )($ KDV EHHQ ODUJHO\ XVHG >@ 1XPHULFDO
VLPXODWLRQ RI VXFK SUREOHP UHTXLUHV PRGHOLQJ RI GLIIHUHQW
W\SHV RI FRXSOHG SKHQRPHQD WKHUPDO PHFKDQLFDO DQG
PHWDOOXUJLFDO 6RPH UHVHDUFKHUV >@ KDYH SURSRVHG
YDULRXV PRGHOV ZKLFK WDNH LQWR DFFRXQW DOO RU SDUW RI WKHVH
SKHQRPHQD ,Q WKH PRVW FRPPRQ )( PRGHO WKH JULQGLQJ
ZKHHO LV UHSUHVHQWHG E\PRELOH KHDW VRXUFHZKLFK LVPRYHG
RYHU WKH ZRUNSLHFH >±@ &RQVHTXHQWO\ LW LV HVVHQWLDO WR
NQRZWKHKHDWIOX[GHQVLW\HQWHULQJLQWRWKHZRUNSLHFH0RVW
RI WKH WHPSHUDWXUHPRGHOV DUH EDVHGRQ WKH -DHJHU WKHRU\ WR
GHWHUPLQH WKH WHPSHUDWXUH GLVWULEXWLRQ LQ WKH JURXQG SLHFH
>@ 1HYHUWKHOHVV PRVW GHYHORSHG PRGHOV DUH OLPLWHG WR
VWUXFWXUDO FRQVHTXHQFHV RI WKHUPDO RULJLQ QHJOHFWLQJ WKH
PHFKDQLFDO DFWLRQ RI WKH ZKHHO ZKLFK UHPDLQ D SUREOHP
ZLGHO\RSHQDQGQRWZHOOXQGHUVWRRG
7KH PDLQ REMHFWLYH RI WKLV ZRUN LV WR LQYHVWLJDWH DQG WR
XQGHUVWDQG WKH RULJLQ RI WKH LQWHUQDO UHVLGXDO VWUHVVHV
GLVWULEXWLRQ DQG WKHLU HYROXWLRQ RFFXUHG GXULQJ F\OLQGULFDO
JULQGLQJ RI KLJK VSHHG VWHHO XVLQJ UHVLQ ERQG &%1 ZKHHO
([SHULPHQWDO UHVXOWV ZHUH FRQIURQWHG WR VLPXODWHG RQHV
REWDLQHG YLD FRXSOHG WKHUPRPHFKDQLFDO )( PRGHO ZLWK
HTXLYDOHQWKHDWLQJVRXUFH7KHODUJHGLIIHUHQFHIRXQGEHWZHHQ
PHDVXUHGDQGSUHGLFWHG UHVXOWVKDVRSHQHGZLGHSRVVLELOLWLHV
RQWKHRULJLQRIKLJKFRPSUHVVLYHUHVLGXDOVWUHVVHVHVSHFLDOO\
LQ WKH SUHVHQFH RI ORZ WHPSHUDWXUH DQG KLJK WKHUPDOO\
VWDELOL]HGPDWHULDO +667KH VWXG\ZDV WKHQ FRPSOHWHG E\
GHWDLOHG DQDO\VHV RI WKH VXEVXUIDFH PLFURVWUXFWXUH DQG
GLVFXVVLRQKDVEHHQFRQGXFWHG

Nomenclature 
ܦௌZKHHOGLDPHWHU
ܦௐ ZRUNSLHFHGLDPHWHU
ௌܸ ZKHHOYHORFLW\
௪ܸ ZRUNSLHFHYHORFLW\
ܽ௣ GHSWKRIFXW
௭݂ IHHGUDWH
ܮ஼  FRQWDFWOHQJWKZKHHOZRUNSLHFH
ܨ் WRWDOJULQGLQJWDQJHQWLDOIRUFH
ܨ் WRWDOJULQGLQJWDQJHQWLDOIRUFH
்݂  JULQGLQJWDQJHQWLDOIRUFHSHUXQLWRIFRQWDFWVXUIDFH
ݍ் WRWDOKHDWIOX[GHQVLW\
ܸ௚  VOLGLQJYHORFLW\EHWZHHQWKHZKHHODQGWKHZRUNSLHFH
௧ܲ௛ JULQGLQJWKHUPDOSRZHU
஼ܲ  WRWDOJULQGLQJFXWWLQJSRZHU
ܵ஼  FRQWDFWVXUIDFHZKHHO±ZRUNSLHFH
ߝ௪ KHDWSDUWLWLRQFRHIILFLHQW
ݍ௪KHDWIOX[GHQVLW\HQWHULQJLQWKHZRUNSLHFH
ௌܰ URWDWLRQDOIUHTXHQF\RIWKHVSLQGOH
ܰௐ URWDWLRQDOIUHTXHQF\RIWKHZRUNSLHFH
2. Experimental  procedure 
 ([SHULPHQWDOJULQGLQJVHWXS
7KH SUHVHQW VWXG\ FRQVLGHUV ILQH H[WHUQDO F\OLQGULFDO
SHULSKHUDOORQJLWXGLQDOJULQGLQJ([SHULPHQWVZHUHFRQGXFWHG
XVLQJ+(50/(&1&D[LVPDFKLQLQJFHQWHU5HVLQRLGERQG
&%1ZKHHORIGLDPHWHUܦௌ PPDQGZLGWKܾ PPLV
VHOHFWHGLQWKLVVWXG\7KHZRUNSLHFHXVHGLVDKDUGVWHHOKLJK
VSHHGVWHHO+66F\OLQGHURIGLDPHWHUܦௐ PPDQG
PP DORQJ WKH JULQGLQJ GLUHFWLRQ LWV KDUGQHVV LV DERXW 
+5&6SHFLILFQR]]OHVZHUHGHVLJQHGIRUOXEULFDWLRQZLWKIXOO
RLO DQG WKH\ZHUH GLUHFWO\ DSSOLHG LQ WKH JULQGLQJ ]RQH7KH
H[SHULPHQWDO VHW XS RI WKH F\OLQGULFDO JULQGLQJ RSHUDWLRQ LV
VKRZQLQ)LJ

)LJ([SHULPHQWDOVHWXS
7HVWV DUH FRQGXFWHGEDVHGRQ D IUDFWLRQDO IDFWRULDO GHVLJQ
RI H[SHULPHQWV ZLWK  SURFHVV SDUDPHWHUV DQG PL[HG OHYHOV
WZR  DQG WKUHHOHYHO > @ VR  H[SHULPHQWDO WULHV WKDW
FRQVLVW LQ JULQGLQJ F\OLQGULFDO VDPSOHV LQ WZR GLIIHUHQW
GLUHFWLRQV  XS DQG GRZQ  ZLWK YDULRXV ZKHHO YHORFLWLHV ௦ܸ
ZRUNSLHFH YHORFLW\ ௪ܸ  GHSWK RI FXW ܽ௣ ǡ IHHG UDWH ௭݂ DQG
JULQGLQJGLUHFWLRQ7DEOH
7DEOH)DFWRUOHYHOVDVVLJQPHQW
3DUDPHWHUV  /HYHOV
/HYHO /HYHO /HYHO
ܸݏPV   
ܸݓPPQ   
ܽ݌ P   
݂ݖUSPPP   
'LUHFWLRQ GRZQ XS 
 5HVLGXDOVWUHVVHVPHDVXUHPHQWV
$IWHUHDFK WHVW UHVLGXDO VWUHVVPHDVXUHPHQWVZHUHFDUULHG
RXW XVLQJ 35272 ;5D\ 'LIIUDFWLRQ ;5' XQLW 0*5
KHDG HTXLSSHG ZLWK D FKURPH UDGLDWLRQ VRXUFH &U .Ƚ ߣ 
PPDQGDPPGLDPHWHULQFLGHQWEHDPFROOLPDWRU
)LJ  0HDVXUHPHQWV RI WKH LURQ  SODQH ZHUH PDGH
XVLQJ WKLV FRQILJXUDWLRQ DW %UDJJ¶V DQJOHʹߠ ܵ݅݊;߰
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PHWKRG PHDVXUHPHQWV ZHUH SHUIRUPHG DW ERWK SRVLWLYH DQG
QHJDWLYHYDOXHVRI߰
x ߰DQJOHVIURPWR
x ߰RVFLOODWLRQV
7KH LQGHSWK UHVLGXDO VWUHVVGLVWULEXWLRQKDVEHHQFDUULHGRXW
DIWHU VXFFHVVLYH ORFDO HOHFWURO\WLF GLVVROXWLRQV RI WKH VXUIDFH
OD\HUV WR WKH UHTXLUHG GHSWK 0HDVXUHPHQWV RI UHVLGXDO
VWUHVVHV ZHUH GRQH LQ WKH WZR RUWKRJRQDO GLUHFWLRQV LQ WKH
IHHGGLUHFWLRQߪ௭௭DQGLQWKHZKHHOVSHHGGLUHFWLRQFXWWLQJ
GLUHFWLRQߪ௫௫

)LJ0HDVXULQJRIUHVLGXDOVWUHVVHVXVLQJWKH;5D\PDFKLQH
3. Experimental results 
)LUVW RI DOOPHDVXUHG UHVLGXDO VWUHVV GHSWK SURILOHV LQ WKH
ZRUNSLHFH EHIRUH DQG DIWHU JULQGLQJ SURFHVV ZHUH SUHVHQWHG
RQ)LJ ,WKDVEHHQ IRXQG WKDW DIWHU JULQGLQJ WHQVLOH VXE
VXUIDFH UHVLGXDO VWUHVVHV LQLWLDOO\ JHQHUDWHG E\ SHUYLRXV
PDFKLQLQJ SURFHVV ZHUH FRQYHUWHG WR FRPSUHVVLYH VWUHVVHV
ZLWKDPD[LPXPDWWKHWRSVXUIDFH

)LJ5HVLGXDOVWUHVVHVEHIRUHDQGDIWHUF\OLQGULFDOJULQGLQJRI+66
3UHYLRXVDQDO\VLVRIWKHGHVLJQRIH[SHULPHQWVWKURXJKWKH
UHVSRQVH JUDSK RI UHVLGXDO VWUHVVHV IXOO\ GHVFULEHG LQ >@
KDYHUHYHDOHGDGRPLQDQWHIIHFWRIWKHZRUNSLHFHYHORFLW\RQ
WKH UHVLGXDO VWUHVV OHYHO JHQHUDWHG LQ WKH JURXQG VDPSOH
IROORZHGE\ WKH IHHG UDWH RI WKHZKHHO DORQJ WKHZRUNSLHFH
)LJ VKRZV VWUHVV SURILOHV REWDLQHG E\ YDU\LQJ ZRUNSLHFH
VSHHGVDQGPPLQDQGIL[LQJ WKHUHVWRISURFHVV
SDUDPHWHUV  ௌܸ  PV ௭݂  PPWUܽ௣  P LQ GRZQ
JULQGLQJGLUHFWLRQ,QWKHWZRGLUHFWLRQVUHVLGXDOVWUHVVHVDUH
WRWDOO\ FRPSUHVVLYH ,W LV QRWHG WKDW WKH FRPSUHVVLRQ SHDN
ORFDWHG LQ WKH H[WHUQDO OD\HU LV WKH KLJKHVW IRU ௐܸ  PPQ
PDLQO\ LQ WKH FXWWLQJ GLUHFWLRQ )LJ D ,Q GHSWK WKH
GLIIHUHQFH LVPRUH VLJQLILFDQW LW DSSHDUV WKH LQIOXHQFHRI WKH
ZRUNSLHFH YHORFLW\ RQ WKH DIIHFWHG OD\HU EHORZ WKH JULQGLQJ
VXUIDFH7KHVPDOOHUWKHZRUNYHORFLW\WKHODUJHUWKHDIIHFWHG
GHSWKZKLFKSDVVIURPPIRU ௐܸ PPLQWRQHDUO\
PIRU ௐܸ PPLQ



)LJ0HDVXUHGUHVLGXDOVWUHVVSURILOHVIRUYDULRXVZRUNSLHFHYHORFLWLHV
4. Computational modelling of induced residual stresses 
after cylindrical grinding operation 
,Q WKLV SDUW D QXPHULFDO PRGHO IRU WKH VLPXODWLRQ RI
JULQGLQJLVSUHVHQWHG5HVXOWVDUHSUHVHQWHGDQGGLVFXVVHG
 1XPHULFDOPRGHOGHVLJQ
7KHPRGHODLPV WR VLPXODWH UHVLGXDO VWUHVVJHQHUDWHG LQ D
F\OLQGHU E\ D ILQLVK H[WHUQDO F\OLQGULFDO JULQGLQJ RSHUDWLRQ
ILJ  7KH SURSRVHG PHWKRG GRHV QRW FRQVLGHU WKH FKLS
UHPRYDO PHFKDQLVPV *ULQGLQJ ZKHHO LV DVVXPHG DV D KHDW
VRXUFHPRYLQJDORQJWKHVXUIDFHZLWKZRUNSLHFHYHORFLW\ ௐܸ

)LJ1XPHULFDOPRGHOWKHUPDOORDGLQJDQGERXQGDU\FRQGLWLRQV
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,QDVLQJOHSDVVRIWKHJULQGLQJZKHHOJULQGLQJFRQGLWLRQV
DUH VXSSRVHG FRQVWDQW DOO DORQJ WKH VXUIDFH LQ ERWK FXWWLQJ
DQGIHHGGLUHFWLRQVVRLWLVSRVVLEOHWRFRQVLGHURQO\DSDUWRI
WKHF\OLQGHU)LQDOO\D'SODQHVWUDLQ)(PRGHORIDQHLJKWK
RIDF\OLQGHU LVFRQVLGHUHGXVLQJ6<6:(/'VRIWZDUH7KH
PDWHULDO SURSHUWLHV DW GLIIHUHQW DSSURSULDWH WHPSHUDWXUHV DUH
FRQVLGHUHGGXULQJLPSOHPHQWDWLRQRIWKLV'PRGHO
7KHLQLWLDOWHPSHUDWXUHFRQVLGHUHGIRUWKHZRUNSLHFHLVܶሺݐ ൌ
Ͳሻ ൌ ʹͲιܥ 2Q WKH WRS VXUIDFH DQG ODWHUDO IDFHV FRQYHFWLYH
KHDW IOX[ LV LPSRVHG WKURXJK WKH FRQYHFWLYH KHDW WUDQVIHU
FRHIILFLHQW݄௖௢௡௩ :.PP +HDW ORVV IURP WKH ERWWRP
VXUIDFH ZDV DVVXPHG WR EH ]HUR 7KH WKHUPDO ERXQGDU\
FRQGLWLRQVDUHVFKHPDWLFDOO\VKRZQLQ)LJ
 +HDWVRXUFHGHWHUPLQDWLRQ
7KHOHQJWKRIWKHKHDWVRXUFHLVHTXDOWRWKHFRQWDFWOHQJWK
ܮ௖ ൌ ඥܦ௘௤Ǥ ܽ௣  >@ EHWZHHQ WKH JULQGLQJ ZKHHO DQG WKH
ZRUNSLHFH7KHKHDWIOX[GLVWULEXWLRQHQWHULQJWKHZRUNSLHFH
FDQEHFDOFXODWHGDVIROORZV

)LJWKHUPDOKHDWVRXUFHFDOFXODWLRQ
7KHWRWDOSRZHUJHQHUDWHGLQJULQGLQJLVJLYHQE\(TZKHUH
ܨ் LV WKH JULQGLQJ WDQJHQWLDO IRUFH DQG ܸ௚ LV WKH VOLGLQJ
YHORFLW\ EHWZHHQ WKHZRUNSLHFH DQG WKH ZKHHO0RUHRYHU LW
ZDV VKRZQ >@ WKDW LQ JULQGLQJ DOO JHQHUDWHG HQHUJ\ LV
FRQYHUWHG WR KHDW WKHUPDO SRZHU 7KHQ WKH WRWDO KHDW IOX[
GHQVLW\ ݍ் :PP LQ WKH FRQWDFW ZKHHOZRUNSLHFH LV
GLUHFWO\SURSRUWLRQDOWRWKHVOLGLQJYHORFLW\ܸ௚ JLYHQE\(T
DQG WKH WDQJHQWLDO JULQGLQJ IRUFH SHU XQLW RI FRQWDFW DUHD ௧݂ 
1PP(T
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:KHUH ߝௐ LV WKH IUDFWLRQ RI WKH WRWDO HQHUJ\ ZKLFK LV
FRQGXFWHG DV KHDW LQWR WKH ZRUNSLHFH  ,Q WKH FDVH RI &%1
ZKHHO DQG RLO OXEULFDQWߝௐLV DERXW  >@,W LV IRXQG
WKDW LQILQHH[WHUQDOF\OLQGULFDOJULQGLQJ WKHKHDWIOX[VKDSH
LVTXDVLUHFWDQJXODUXQLIRUP
 0HFKDQLFDOPRGHOVHWXS
$ WKHUPRHODVWRSODVWLFPHFKDQLFDO EHKDYLRU LV FRQVLGHUHG
IRU WKH PHFKDQLFDO FDOFXODWLRQ :HDN FRXSOHG WKHUPR
PHFKDQLFDO FDOFXODWLRQV DUH FDUULHG RXW 7KH HIIHFW RI WKH
ZKHHO LV VLPXODWHG DV D QRUPDO SUHVVXUH PRYLQJ DORQJ WKH
VXUIDFHDWWKHYHORFLW\ ௐܸ7KHPDJQLWXGHRIWKHLPSRVHGORDG
LVGHULYHGIURPWKHQRUPDOH[SHULPHQWDOJULQGLQJIRUFHLQWKH
DUHD RI FRQWDFW.LQHPDWLF ERXQGDU\ FRQGLWLRQV DUH LPSRVHG
RQ WKH ERWWRP IDFH RI WKH ZRUNSLHFH E\ FRQVWUDLQLQJ
GLVSODFHPHQWVLQERWK[DQG\GLUHFWLRQV
 7KHUPDOUHVXOWV
)LJ VKRZV WKH WKHUPDO UHVXOWV RI WKH VLPXODWLRQ XVLQJ
FRQGLWLRQV IURP VHFWLRQ   ௐܸ  PPQ  ௌܸ  PV
௓݂ PPWUܽ௣  P

)LJ7HPSHUDWXUHSURILOHDORQJWKHFXWWLQJGLUHFWLRQDWYDULRXVGHSWKV
,W LV IRXQG WKDW WKHKLJKHVWSHDN WHPSHUDWXUHYDOXH LVFORVHO\
EHORZܣ஼ଵ &DXVWHQL]DWLRQVWDUW WHPSHUDWXUH+RZHYHU
XS WR D FHUWDLQ GHSWK WHPSHUDWXUH H[FHHGV WKH WHPSHULQJ
WHPSHUDWXUHVRIWKH+66&2QWKHRWKHUKDQGDV
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FRQVHTXHQFHRIKLJKFRROLQJ UDWH UHVXOWV UHYHDO WKHSUHVHQFH
RI D KLJK ORFDOL]HG WKHUPDOJUDGLHQW QHDU WKHJURXQG VXUIDFH
§P
$FRPSDULVRQZLWKWKHDQDO\WLFDOVROXWLRQRI-DHJHU>@LV
DOVR SURYLGHG )LJ  D JRRG DJUHHPHQW LV IRXQG ZKLFK
YDOLGDWHV WKH QXPHULFDO PRGHO 7KH GLIIHUHQFH FDQ EH
DWWULEXWHG WR WKH KHDW H[FKDQJH E\ FRQYHFWLRQ FRQVLGHUHG LQ
WKH)(PRGHOZKHUHDV-DHJHU¶VPRGHOGRHVQRWFRQVLGHULW

)LJ1XPHULFDOYVDQDO\WLFDOFDOFXODWHGWHPSHUDWXUHDWGLIIHUHQWGHSWKV
7KH HIIHFW RI WKH YDULDWLRQ RI WKH ZRUNSLHFH YHORFLW\ LV
LOOXVWUDWHGLQ)LJ

)LJ(IIHFWRI ௐܸRQWHPSHUDWXUHSURILOHEHQHDWKWKHJURXQGVXUIDFH
,W LV UHSRUWHG WKDW WKHPD[LPXP WHPSHUDWXUH UHDFKHG LQ WKH
VXUIDFHDVZHOODVWKHWKHUPDODIIHFWHGGHSWKLQFUHDVHTXLFNO\
ZLWK GHFUHDVLQJ RI WKH ZRUNSLHFH YHORFLW\ ,QGHHG D KLJK
VSHHG VKRUWHQV WKH FRQWDFW WLPH DQG WKHUHIRUH UHGXFHV WKH
DPRXQWRIWKHKHDWVWRUHGLQWKHZRUNSLHFH
 3UHGLFWHGUHVLGXDOVWUHVVHV
)LJUHSRUWVFRPSXWHGUHVLGXDOVWUHVVSURILOHVDORQJWKH
GHSWKZLWKDQGZLWKRXWFRQVLGHULQJPHFKDQLFDODFWLRQRIWKH
ZKHHO IRU WKH WZR ZRUNSLHFH YHORFLWLHV ܸܹ  PPLQ
 ௠ܶ௔௫ &DQGܸܹ PPLQ  ௠ܶ௔௫ &'LIIHUHQFHV
EHWZHHQ VLPXODWHG DQG PHDVXUHG UHVXOWV DUH VLJQLILFDQW
&RQWUDU\ WR H[SHULPHQWDO PHDVXUHPHQWV QXPHULFDO UHVXOWV
VKRZ D QRWDEOH LQIOXHQFH RI WKH ZRUNSLHFH YHORFLW\ RQ WKH
VLJQRI UHVLGXDO VWUHVVHV$W ORZYHORFLW\KLJKPDJQLWXGHRI
VXUIDFHWHQVLOHUHVLGXDOVWUHVVKDVEHHQIRXQGLQERWKFXWDQG
IHHG GLUHFWLRQV $W D GLVWDQFH DURXQG  P IURP WKH
VXUIDFH WKLVYDOXHUHGXFHVJUDGXDOO\ WR 03D)LJD
$W KLJK ZRUNSLHFH YHORFLW\ WKH UHVLGXDO VWUHVVHV SURILOH LV
WRWDOO\ GLIIHUHQW $ YHU\ ORZ PDJQLWXGH RI FRPSUHVVLYH
UHVLGXDO VWUHVVHV LV IRXQGEHQHDWKJURXQGVXUIDFH ,W LV QRWHG
WKDWLQDOOFDVHVVLPXODWHGPHFKDQLFDODFWLRQRIWKHZKHHOKDV
QRHIIHFWRQWKHUHVLGXDOVWUHVVGLVWULEXWLRQ

)LJ&DOFXODWHGUHVLGXDOVWUHVVSURILOHVD9Z PPQE9Z PPQ
5. Discussion 
7KH VLJQLILFDQW GLIIHUHQFH EHWZHHQ H[SHULPHQWDO DQG
VLPXODWHG UHVXOWV UHYHDOVPDQ\ LQWHUHVWLQJ SRLQWV FRQFHUQLQJ
WKHRULJLQRIUHVLGXDOVWUHVVHVZKHQJULQGLQJKLJKVSHHGVWHHO
ZLWK VXSHUDEUDVLI 1XPHULFDO UHVXOWV REWDLQHG XVLQJ WKHPR
PHFDQLFDO PRGHO JLYHV WZR W\SHV RI UHVLGXDO VWUHVV VWDWHV
:KHQWKHUPDOHIIHFWVDUHSUHGRPLQDQW ௐܸ PPLQWHQVLOH
UHVLGXDO VWUHVVHV DUH JHQHUDWHG )LJD 2EYLRXVO\ ORZ
FRPSUHVVLYHUHVLGXDOVWUHVVHVDUHJHQHUDWHGZKHQPHFKDQLFDO
HIIHFWV RYHUWDNH WKHUPDO RQHV )LJE +RZHYHU
H[SHULPHQWDOO\ LQ DOO FDVHV KLJK FRPSUHVVLYH UHVLGXDO
VWUHVVHV DUH JHQHUDWHG 1RWH WKDW WKH QXPHULFDO PRGHO XVHG
KHUH GLG QRW WDNH LQWR DFFRXQW QHLWKHU GHIRUPDWLRQV GXH WR
SKDVH WUDQVIRUPDWLRQV QRU DQ HYHQWXDO WHPSHULQJ RI WKH
PDWHULDO RU SK\VLFDO VHSDUDWLRQ RI WKH PDWHULDO IURP WKH
ZRUNSLHFH $OO WKHVH SKHQRPHQD UHGXFH WKH WHQVLOH UHVLGXDO
VWUHVVHVDQGLPSURYHWKHFRPSUHVVLYHRQHV
'XHWRWKHODFNRILQIRUPDWLRQDERXWPHWDOOXUJLFDOPDWHULDO
SURSHUWLHV D JUHDW GHDO RI LQWHUHVW KDYH EHHQ JLYHQ WR ORFDO
DQDO\]HVRIWKHDIIHFWHGOD\HU$IWHUJULQGLQJVXUIDFHVDPSOHV
KDYHEHHQFRDWHGLQUHVLQPHFKDQLFDOO\SROLVKHGDQGHWFKHG
$ PRGLILHG OD\HU LV WKHQ UHYHDOHG )LJ ,WV WKLFNQHVV LV
DERXWP

)LJ6(02EVHUYDWLRQRI+66JURXQGVXUIDFHPLFURVWUXFWXUH
,Q WKHILUVWFDVH)LJD WKHPRGLILHGIRUPHGOD\HU FDQEH
FDXVHG HLWKHU GXH WR VHYHUH SODVWLF GHIRUPDWLRQ WKDW FDXVHV
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UDSLG JUDLQ UHILQHPHQW RU GXH WR WKH WKHUPDOO\DFWLYDWHG
DXVWHQLWH WUDQVIRUPDWLRQ OHDGLQJ WR OD\HU FRQWDLQLQJ IUHVK
PDUWHQVLWH 7KH FRPSUHVVLYH UHVLGXDO VWUHVVHV DW JURXQG
VXUIDFH FRXOG EH DOVR D FRQVHTXHQFH RI UHWDLQHG DXVWHQLWH
FRQWHQWRIWKLVVWHHO WUDQVIRUPHGGXULQJJULQGLQJDVVKRZQLQ
)LJE>@
0RUHRYHU (%6' H[DPLQDWLRQV RI WKH QHDU JURXQG VXUIDFH
UHYHDOORZLQGH[DWLRQEODFN]RQHVLQGLFDWLQJWKHSUHVHQFHRI
RWKHUSKDVHVZLWKGHIRUPHGPLFURVWUXFWXUHGLIIHUHQWIURPWKH
PDUWHQVLWLFWH[WXUH

)LJ(%6'REVHUYDWLRQVRIPLFURVWUXFWXUHRIWKH+66JURXQGVXUIDFH
PLFURVWUXFWXUHDRULHQWDWLRQPDSSLQJESKDVHVFDUWRJUDSK\
,QRUGHUWRNQRZPRUHDERXWSKDVH¶VFRPSRVLWLRQRIPRGLILHG
OD\HU;UD\GLIIUDFWLRQSKDVHDQDO\VHVRIVDPSOHVEHIRUHDQG
DIWHU JULQGLQJ ZHUH GRQH 7KH REWDLQHG ;UD\ GLIIUDFWRJUDP
VKRZVWKHSUHVHQFHRIWKHVDPHWKUHHXVXDOSLFVRIPDUWHQVLWLF
SKDVHIRUJURXQGDQGXQJURXQGVDPSOHV>@
6. Conclusion  
$IWHU DQ RSHUDWLRQ RI ILQLVK F\OLQGULFDO JULQGLQJ RI KLJK
DOOR\HG VSHHG VWHHO ZLWK &%1 ZKHHO D VLJQLILFDQW
FRPSUHVVLYHUHVLGXDOVWUHVVLVJHQHUDWHGLQWKHVXUIDFHOD\HUWR
WKHGHSWKRIP([SHULPHQWDOPHDVXUHPHQWVUHYHDOWKDW
WKH ZRUNSLHFH YHORFLW\ LV RQH RI WKHPRVW FULWLFDO NLQHPDWLF
SDUDPHWHUV LQ F\OLQGULFDO JULQGLQJ DV LW LQIOXHQFHV UHVLGXDO
VWUHVV GLVWULEXWLRQ LQ WKH JURXQG VDPSOH 7KHUPDO UHVXOWV
REWDLQHG E\ WKHUPRVPHFKDQLFDO PRGHO ZLWK WKH HTXLYDOHQW
PRYLQJ KHDW VRXUFH PRGHO VKRZV WKDW WKH WHPSHUDWXUH FDQ
H[FHHG WKH WHPSHULQJ WHPSHUDWXUH RI WKH PDWHULDO DQG FRXOG
UHDFKYDOXHFORVH WR$F+RZHYHUUHVLGXDOVWUHVVHVREWDLQHG
QXPHULFDOO\DUHQRWLQDJUHHPHQWZLWKH[SHULPHQWDOUHVXOWV
0LFURDQDO\VHVRI WKH JURXQGKLJK VSHHG VWHHOPLFURVWUXFWXUH
VKRZV WKDW LQGXFHG UHVLGXDO VWUHVVHV DUH GXH WR FRPELQHG
DFWLRQ RI PHFKDQLFDO WKHUPDO DQG WUDQVIRUPDWLRQDO HIIHFWV
,QGHHGPRGLILHG VXUIDFH OD\HU ZLWK GHIRUPHGPLFURVWUXFWXUH
LV UHYHDOHG E\ 6(0(%6' REVHUYDWLRQV 7KHPLFURVWUXFWXUH
FKDQJH FRXOG EH UHODWHG WR UHWDLQHG DXVWHQLWH WUDQVIRUPHG
GXULQJJULQGLQJWRWHPSHULQJSKHQRPHQDRUWRVHYHUHSODVWLF
GHIRUPDWLRQ
6R WKH QH[W VWHS LV UHODWHG WR WKH PRGHO LPSURYHPHQW E\
FRQVLGHULQJ RI WKH SKDVH FKDQJH GXULQJ JULQGLQJ DQGRU
G\QDPLFUHFU\VWDOOL]DWLRQSKHQRPHQRQ

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